Background Cancer cachexia (CC) is a multifactorial syndrome, often irreversible, that affects patients with cancer influenced, in part, by the inflammatory condition. Peritumoural adipose tissue produces adipokines and angiogenic, apoptotic, and growth factors; given the possible crosstalk between the peritumoural adipose tissue and tumour, these may play an important role in cancer biology and carcinogenesis. Methods The aim of this study was to evaluate the factors produced by peritumoural adipose tissue in a cohort of 16 colorectal cancer patients with either weight-stable cancer (WSC; n = 7) or CC (n = 9). The study was approved by the Ethics Research Committee (972.914). Samples of peritumoural adipose tissue were analysed for concentrations of TNF-α, IL-1β, STAT-1, STAT-3, RANTES, IL-1Ra, IP-10, IL-15, MCP-1, IFN-α, GCSF, FADD, and TGF-β. The cytokines and proteins were measured using Multiplex. Correlations between the proteins and cytokines were evaluated. Results TNF-α, STAT-1, and FADD, a factor involved in apoptosis, were significantly higher in CC group than in the WSC group. In the peritumoural adipose tissue of the CC group, RANTES showed a significant positive correlation with IL-1Ra and IP-10 and a negative correlation with IFN-α; and GCSF showed significant negative correlations with IL-1Ra, IP-10, IL-15, and MCP-1 and a positive correlation with IFN-α. In the peritumoural adipose tissue of the WSC group, no significant correlations were detected between RANTES, GCSF, IL-3, FADD, and STAT-1 and the cytokines/chemokines analysed. Conclusions These results indicated that inflammatory and tumorigenic pathways were altered in peritumoural adipose tissue in CC. Furthermore, inflammatory cytokines were correlated with growth factors in the peritumoural adipose tissue of cachectic patients, suggesting that inflammatory cytokines modulated the proliferative environment closely linked to the tumour.
Introduction
Cancer is one of the leading causes of death in the world, and colorectal cancer is the third most prevalent type of cancer. 1 Around half of cancer sufferers experience cachexia, a multifactorial syndrome characterized by involuntary weight loss.
Although the relationship between cancer and cachexia has been extensively discussed, the mechanisms responsible for this relationship have not been totally elucidated.
Cachexia involves the loss of skeletal muscle and adipose tissue, depending partially of the grade of systemic inflammation. The muscle loss can have a dramatic impact on the patient's quality of life. In addition, cachectic patients exhibit several other symptoms, including anorexia, anaemia, fatigue, early satiety, weakness, altered blood biochemistry parameters, and increased levels of inflammatory factors in various organs and tissues. The inflammatory changes are of extreme importance for a better understanding of the clinical picture of cancer cachexia (CC). 2 The reduction in adipose tissue represents a sustained energy imbalance. Decreased body fat and body mass index (BMI) are associated with CC in both experimental animal models 3 and in humans. 4 Adipose tissue acts as an energy store and an endocrine organ that secretes a variety of multifunctional molecules known as adipokines. 5 These cytokines regulate physiological functions systemically through endocrine-like activity. 6 They include adiponectin, leptin, and numerous cytokines, such as tumour necrosis factor alpha (TNF-α), interleukin 6 (IL-6), interleukin 8 (IL-8), interleukin 10 (IL-10), vascular endothelial growth factor (VEGF), and monocyte chemoattractant protein development 1 (MCP-1). Many of these cytokines have been implicated in the development and progression of tumours. 7 Our research group has previously demonstrated a relationship between changes in cytokines and the growth factor profile and wasting in CC patients. [8] [9] [10] Circulating levels of proinflammatory adipokines have been shown to correlate with the total mass of visceral adipose tissue. 7 Some of these adipokines, such as IL-6 and TNF-α, exert potent proinflammatory actions and have been reported to be strong promoters of tumour initiation and progression.
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In addition to inflammatory markers, adipose tissue cells also produce angiogenic factors, such as VEGF 12 and insulinlike growth factor type I (IGF-1), which contribute to the growth of solid tumours. 13 Of all the adipose tissues examined, visceral adipose tissues express the highest level of VEGF. 12 Furthermore, resident and infiltrated macrophages in adipose tissue appear to be the major producers of proinflammatory cytokines, and their number correlates positively with BMI. 14 Several factors are expressed in the adipose tissue, especially under inflammatory conditions, including RANTES, MCP-1, GCSF, IL-3, TNF-α, and IP-10. These are associated with the promotion of recruitment by the immune system of macrophages, monocytes, lymphocytes, and T cells, among others, and they may promote changes to the apoptosis pathway. This association is well illustrated by the interaction between TNF-α and FADD and the negative regulation of GCSF in the apoptosis process. [15] [16] [17] Recent studies have shown that the interaction of cancer with adipocytes can promote cellular reprogramming, resulting in cancer-associated adipocytes or dedifferentiation into fibroblast-like cells. These fibroblasts may contribute to the growth of tumour cells and to cell array changes and the immune response, promoting an increase in the production of cytokines and growth factors, which results in increased angiogenesis and metastasis. [18] [19] [20] In an experimental model using mice, Wagner et al. 21 demonstrated that cell tumours implanted distant from adipose tissue depots developed less quickly than those implanted in a subcutaneous adipose tissue depot, suggesting that crosstalk between adipose tissue and tumour cells is important for tumour development.
A previous study suggested that peritumoural adipose tissue may play an important role in inflammatory and angiogenic processes, secreting several factors that affect tumour biology and promote the progression of the tumour, resulting in poor clinical prognosis.
14 However, few studies have investigated the role peritumoural adipose tissue in patients with colorectal cancer. 20 The purpose of the present study, therefore, was to evaluate the pro-inflammatory and protumorigenic properties of peritumoural adipose tissue in the presence of systemic inflammation in a cohort of colorectal cancer patients with and without cachexia. To our knowledge, this is the first study to analyse whether there are differences on the peritumoral adipose tissue inflammatory condition between cachetic and weight stable colorectal cancer patient, which could be involved on presence of cachexia.
Material and methods

Patients and sample collection
This study was approved by the Ethics Committee of the Institute of Biomedical Sciences and by the Human Ethics Committee of the University of São Paulo Hospital (CEP-ICB/ USP 1117/13, CEP-HU/USP 752/07, and 1117/13, CAAE 0031.0.198.019-07) and was conducted in accordance with the principles of the Declaration of Helsinki (2013). All subjects provided written informed consent prior to participation in the study. The study included 16 colorectal cancer patients who were enrolled in the study at the time of diagnosis and had not received anticancer or continuous anti-inflammatory treatment and who were willing to participate. The exclusion criteria were liver failure, renal failure, AIDS, inflammatory diseases of the bowel, and autoimmune disorders. The characteristics of the subjects are summarized in Table 1 .
The subjects were subdivided into two groups: those with CC group (n = 9) and those with weight-stable cancer (WSC group, n = 7). Patients were considered cachectic based on criteria from the international consensus, 22 as follows: weight loss >5% in the past 6 months or any degree of weight loss >2% in the last 6 months plus BMI <20 kg/m 2 . The WSC group subjects had undergone no important weight change during the previous year and had a BMI <25 kg/m 2 . The primary tumour location for all subjects in both groups was the intestine. All the subjects underwent surgery to resect the tumour; the peritumoural adipose tissue was dissected from the tumour and kept at À80°C for later analyses.
Clinical parameter assessment
The subject's height and weight were measured. After an overnight fast, within the venous access procedure for anaesthesia during the surgery, 10 mL of blood was collected for the analysis of plasma C-reactive protein (CRP), albumin, haemoglobin, and IL-6. The plasma samples were then immediately frozen at À80°C until analysis. TNM tumour staging was determined post-operatively according to the guidelines of the Union for International Cancer Control.
Multiplex analysis of protein content
Approximately 100-200 mg of the peritumoural adipose tissue from each sample was homogenized in 300 μL of ice-cold extraction protein buffer (10 mM Tris base, 0.01 mM EDTA, 0.1 mM sodium chloride and 1% Triton X-100) to which a protease inhibitor cocktail was added (1 tablet/50 mL extraction buffer; Roche Diagnostics). The homogenate was then centrifuged at 18 000 g for 40 min at 4°C and the fatty layer discarded. Aliquots of the supernatant were stored at À80°C. Samples of peritumoural adipose tissue were incubated with a mixture of Magplex microspheres and covered with the specific antibodies. After incubation for 1 h followed by incubation for 30 min with streptavidin labelled with phycoerythrin, target antigens bound to the microspheres were detected with a mixture of biotinylated capture antibodies. The microspheres were then analysed using a MAGPIX® instrument (Life Technologies, Grand Island, NY, USA). Each cytokine value was corrected to the total protein concentration. MILLIPLEX® Analyst 5.1 software was used, which integrated the data acquisition and analysis.
Protein expression of ANGPTL-4
ANGPTL-4 was assessed quantitatively using ELISA. The results are expressed as pg/mg of protein.
Statistical analysis
Data are expressed as mean ± standard error, when the data showed normal distribution or median [interquartile range] when not normal distributed. The distributions for all samples were tested for whether they were Gaussian using either the D'Agostino-Pearson omnibus test or the Shapiro-Wilk test. Student's t-test or the Mann-Whitney test with multiple comparisons was employed for the parametric and nonparametric data, respectively. The significance level was set at P ≤ 0.05. Pearson or Spearman correlation coefficients were calculated to assess the relationships between variables. Graphpad Prism 5.0 was used for the analysis.
Results
General characteristics of the subjects Table 1 presents the general characteristics of the subjects. Age and BMI were similar between the two groups. The weight loss during the 6 months before participation in the study, as reported by the subjects at the recruitment interview, was used to divide the groups in CC and WSC, in line with the criteria of Evans et al. 22 used to define the groups. Haemoglobin levels were lower in the CC group than in the WSC group and IL-6 levels were higher.
Peritumoural adipose tissue protein expression analysis
The concentrations in peritumoural adipose tissue of the various pro-inflammatory and anti-inflammatory cytokines/chemokines, tumour growth factors, signal proteins related to pro-inflammatory pathways, and cachexiarelated factors are shown in Tables 2 and 3 . There were no significant differences between the two subject groups for the majority of the proteins analysed, but TNF-α, STAT-1, and FADD (an apoptotic factor) were significantly higher in the CC group than in the WSC group. The protein concentration of IP-10, a chemokine secreted by interferon-stimulated cells, was not significantly different but showed a tendency to be higher in the CC group (p = 0.07). Mann-Whitney test.
Peritumoural adipose tissue pro-inflammatory cytokines
Correlation analysis
Correlation analysis (Spearman or Pearson, for nonparametric and parametric data, respectively, as stated in Figure 1A -1E) was applied to the relationships between cytokines/chemokines and RANTES, GCSF (both growth tumour factors) and VEGF (an angiogenic factor) in the peritumoural adipose tissue. In the CC group, RANTES showed a positive significant correlation with IP-10 (P < 0.05) ( Figure 1A ) and a negative correlation with IFN-α (Table S1 ). GCSF showed significant negative correlations (all P < 0.05) with IL1Ra (TS1), IP-10 ( Figure 1B ), IL-15 (Table S1 ), and MCP-1 ( Figure 1C ) and a positive correlation with IFN-α (P = 0.01) (Table S1) . A positive correlation between VEGF and IL12p40 was observed for the WSC group but not for the CC group ( Figure 1D and 1E). In the CC group, IL-3 showed significant positive correlations with IL-2, IL-17α, and IL-1α (Table S1 ). No correlation was found between FADD and STAT-1 and the cytokines and chemokines analysed (TS1).
In the WSC group, no significant correlations were detected between RANTES, GCSF, IL-3, FADD, and STAT-1 and the cytokines/chemokines analysed (Table S2) . 
Discussion
In this study, we evaluated many proteins and factors in peritumoural adipose tissue from patients with colorectal cancer with either cachexia or stable body weight. Overall, the results were similar between the two groups, but TNF-α, FADD, and STAT-1 were higher and IL-1β and IL-12p40 lower in the patients with cachexia, indicating more pronounced pro-inflammatory conditions in the peritumoural adipose tissue of the cachectic patients than in the stable weight patients. This difference may have contributed to the development of cachexia and more aggressive tumour progression.
The CC group patients all experienced significant weight loss over the previous 6 months. In addition, they showed a reduction in the level of haemoglobin and increased levels of IL-6 and CRP, with the CRP level higher than the normal reference value. These conditions confirmed that all these patients presented with cachexia, in accordance with the criteria proposed by Evans et al.
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Systemic inflammation is a common condition in CC. Circulating pro-inflammatory mediators, such as IL-6 and TNF-α, and acute-phase proteins, such as CRP, are upregulated in cachectic patients and this correlates positively with weight loss, resulting in a poor prognosis. In addition to the tumour, white adipose tissue contributes to the inflammatory state in cachexia by actively secreting several pro-inflammatory mediators. 23 Previously, our group 24 reported that tumours from cachectic and stable weight cancer patients with the same diagnosis showed different secretory profiles of inflammatory factors and different proportions of macrophage phenotypes, with lower levels of M2 macrophages in the tumours of the cachectic patients. Based on these findings, we proposed an association between tumour-originating factors and adipose tissue inflammatory changes, as a positive correlation was found between cytokines derived from the tumour and subcutaneous adipose tissue and inflammatory factors.
In the present study, the major differences in cytokine levels between the groups were that the IL-6 serum concentration and TNF-α content in peritumoural adipose tissue were higher in the CC group patients than in the WSC group patients. In contrast, de Matos-Neto et al. 24 did not detect a difference in the TNF-α protein content of subcutaneous adipose tissue and tumours between cachexia and stable weight patients. Taking together the result of the present study and reported by de Matos-Neto et al., 24 it is possible suggesting that the tumoural micro-environment was not altered by the increase of TNF-α content in the peritumoural adipose tissue or that this change was not sufficient to modify the tumour micro-environment. Conversely, it could be suggested that the cytokines produced by peritumoural adipose tissue may contribute to the development of cachexia in patients with tumours. IL-6 and TNF-α are considered to be the major mediators of a network of interactive signals. TNF-α is a pleiotropic cytokine implicated as a local and systemic factor involved in the development of CC, and IL-6 has been shown to be associated with cancer progression. 25 TNF-α, like other pro-inflammatory factors such as IFN-γ and TLR, can stimulate the M1 phenotype and therefore suppress M2 macrophages. 26 In addition, TNF-α negatively regulates the expression of M2 macrophages in vivo and in vitro, 27 indicating that the downstream signals from type I TNFR, such as NF-kB, act in a gene-specific way.
Macrophage migration and polarization in the tumour microenvironment has been implicated in increasing proinflammatory conditions and tumour development. 28 Several factors may contribute to macrophage migration. In the present study, we evaluated levels in peritumoural adipose tissue of IP-10 and RANTES, which are chemiotaxis factors. We observed a non-significant increase in IP-10 in the CC group compared to the WSC group (P = 0.07), with a positive correlation between IP-10 and RANTES, which could contribute to a proinflammatory tumour environment in cancer cachectic patients. In addition, there were negative correlations between IP-10 and GCSF, an antiapoptotic, antiangiogenic, and antiinflammatory factor, 29, 30 and between MCP-1 and GCSF, in the peritumoural adipose tissue of the CC group patients but not the WSC group patients. It has also been found that LPSchallenged macrophages secrete IL-1β, IL-6, and TNF-α, increasing the proliferation and migration of colon cancer cells. This suggests that these inflammatory mediators could contribute to the development and metastasis of colon cancer. 31 Our results considered together with those of previous studies could suggest that the TNF-α produced by peritumoural adipose tissue may have acted as a paracrine factor that contributed to an increase in the malignancy of the cancer in the patients of the present study, suggesting the existence of crosstalk between peritumoural adipose tissue and tumour cells.
In addition to this local effect, TNF-α exerts systemic effects on cachexia associated with cancer, contributing via activation of the ubiquitin proteasome pathway to the decreased synthesis rates and increased protein degradation rates (protein turnover) responsible for the loss of skeletal muscle mass. TNF-α also changes the metabolism of lipids by promoting an increase in lipolysis, reducing lipoprotein lipase activity and suppressing the expression of peroxisome proliferator-activated receptor gamma (PPARγ), which is responsible for the differentiation and function of adipocytes. These findings indicate the important role of TNF-α in the loss of adipose tissue and in the development of CC. 32 IL-6 and TNF-α are important multifunctional cytokines involved in tumour growth and metastasis. A retrospective clinical study of lung cancer patients found a possible link between metastasis and cachexia that was associated with the inherent tumour characteristics. 33 Many tumour suppressor genes oncogenes have been reported to be implicated in the development of colorectal cancer. Protein interactions could contribute to tumour development. The role of FADD in the mechanism of tumour cell apoptosis is dependent on the tumour type; it is proapoptotic for certain types of cancer, and anti-apoptotic for others. 34 Marikar et al. 35 demonstrated that the interaction of pFADD with metallothionein 2A (MT2A, identified as a potential biomarker in colorectal cancer) 36 was correlated with the suppression of apoptosis and the induction of cell proliferation. That study also verified that both MT RNAi and FADD RNAi significantly inhibited the growth of Colo 205 solid tumours.
In the present study, we detected a significant increase in FADD protein content in peritumoural adipose tissue in the CC group; this may interact with other tumour proteins, such as MT2, resulting in an increase in tumour cell proliferation and malignancy in CC patients compared to those with a stable weight.
Angiogenesis is an important factor favouring tumour development. 37 We therefore analysed the content levels of VEGF, a proangiogenic factor, and IL12p40, an anti-angiogenic factor, 38 in peritumoural adipose tissue. IL12p40 was lower in the CC group than in the WSC group, but there was no difference between the groups in VEGF content. A significant positive correlation between VEGF and IL12p40 was observed only in the WSC group, suggesting the angiogenic factors in peritumoural adipose tissue are disrupted in CC patients.
STAT-1 has traditionally been considered to be associated with a good prognosis. Recently, however, an increase in this protein has been shown to be associated with the progression of cancer. STAT-1 can promote tumour growth through the evasion and suppression of tumour immune surveillance and an increase in invasion or metastasis, and this can lead to resistance to radiotherapy and chemotherapy. 39 Mice with ectopic overexpression of STAT-1 exhibited mobilization of myeloid-derived suppressor cells, resulting in a greater aggressiveness of the tumour accompanied by an increased level of TNF-α and tumour growth; conversely, gene knockdown of STAT-1 reversed this process. 40 In a review, Meissl et al. 39 revealed discrepancies in the literature regarding the role of STAT-1; these could be explained by heterogeneity of the tumours, such as differences in tumour type and/or stage. Our analysis of the protein concentration of STAT-1 in peritumoural adipose tissue in the present study showed an increase in the CC group compared with the WSC group. The elevated concentration of this protein may be associated with an increase in pro-inflammatory factors such as TNF-α, which may increase tumour malignancy in these patients.
This study had several limitations. The subjects' previous body weight was self-reported and so inaccuracies were possible. The number of subjects in each group was low because of the difficulty of obtaining sampled of peritumoural adipose tissue during surgery. Because of the intrinsic variation in human tissue samples, some of the analyses were not performed for all the subjects initially enrolled, as some samples fell outside the detection range of the assays. The relatively small sample sizes could result in type 2 statistical error, although the statistical differences observed did not interfere with this error. However, as far as we know, this is the first study which points out differences on the peritumoral adipose tissue inflammatory condition between cachetic and weight stable colorectal cancer patient, which could be involved on presence of cachexia.
Conclusion
The findings of this study showed that increased inflammatory processes in patients with CC promoted changes in the peritumoural adipose tissue. These changes may contribute to tumour development by modifying either angiogenic factors or factors involved in apoptosis. Changes of the content of these proteins in the peritumoural adipose tissue of patients with CC may lead to a deterioration in prognosis, resulting in reduced quality of life and further complications, which in turn could increase the mortality rate. However, the effects of these pro-inflammatory factors and those involved with angiogenesis and apoptosis remain to be fully elucidated. Their roles are dependent on the type and staging of the tumour, and further studies are needed to shed light on these factors in cachexia associated with cancer. 41 The authors declare that they have no conflict of interest.
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